Ring magnet power supply (RMPS) circuits that produce a wide range of magnet current waveshapes for rapid-cycling synchrotrons (RCS) are described.
A half cosine wave of frequency f I < f0 is applied during acceleration, thereby reducing significantly the peak rf power required as comnpared to single frequency, fO, operation. After acceleration, the magnets are reset with a half cosine wave of frequency f2 > f0. The repetition rate of the dual frequency circuit is the same as for a single frequency circuit operating at f = 2 f1 f2/(f1+f2). Figure 
Different Combinations of Injection and Extraction Times
The circuit of Fig. 5 GeV. The dual frequency driver resonates at 6 2/3 Hz and 20 Hz; its beam may be extracted fast or into an EXTENDER ring for slow extraction. The TRIUMF group is also considering a staged construction which initially would not have the COLLECTOR and EXTENDER rings. The same beams could be provided at a lower repetition rate by operating the BOOSTER and DRIVER synchrotrons as illustrated in Fig. 7 . The BOOSTER could use a RMPS as described in reference 7, and the DRIVER could use the one illustrated in 
Solid-State Switching Circuits
The switches shown in the above circuits must be capable of carrying currents of < 5 kA and of holding off forward and reverse voltages < 20 kV. In the low voltage proof-of-concept circuits of Figs. 8 and 10 SCRs and/or GTOs were used to make up switches S and SIT For practical applications, each of the SC.s or GTOs shown in Figs. 8 and 10 for SI and SII would represent a column of these components connected in series to achieve the required voltage rating. This is being done routinely with SCRs and their hard turnoff circuits (comprising Cx, S3, S4, Lx, and Rx in Fig. 8 ) are relatively inexpensive.
Only recently have GTOs become commercially available with ratings approaching those of SCRs. Devices with heavy metal doping possess symmetrical blocking characteristics which makes them suitable for our applications. However, at this time, it is not clear whether a column of series connected GTOs with their more complicated gate and snubber circuits will be as economical and reliable as SCR-columns. In the near future, experience will be gained in this respect; as will be shown below, either component can be used. For very large currents, thyristor columns must be connected in parallel with forced current sharing.
Proof-of-Concept SCR Circuit
In the circuit of Fig. 8 , a constant dc current circulates through the magnet, LM, and choke LCH; acexcitation is provided by a current pulse when the magnet voltage is at its peak. Fig. 12 ; its estimated cost is $4.4 x 10 . Fig. 9a Flat-bottom. Fig. 9b Flat-top. Long flat-bottom, "slow" current rise, long flat-top and "fast" current decay.
